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REPLY TO
ATTENTION OF:

NEDED

Honorable Edward J. King
Governor of the Commonwealth of
Massachusetts

State House
Boston, Massachusetts

Dear Governor King:

Inclosed is a copy of the Holden Reservoir No. 1 Dam (MA-00960) Phase

I Inspection Report, prepared under the National Program for
Inspection of Non-Federal Dams. The report is based upon a visual
inspection, a review of past performance, and a preliminary
hydrological analysis.

T.c preliminary hydrologic analysis has indicated that the spillway
capacity for the Holden Reservoir No. 1 Dam would likely be exceeded
by floods greater than 30 percent of the Probable Maximum Flood (PMF).
Our screening criteria specifies that a dam classified as high hazard -

with a spillway capacity insufficient to discharge fifty percent of
the PMF be judged as having a seriously inadequate spillway. As a
result this dam is assessed as unsafe, non-emergency until more
detailed studies prove otherwise or corrective measures are completed.

The term "unsafe" applied to a dam because of an inadequate spillway
does not indicate the same degree of emergency as it would if
applied because of structural deficiency. It does indicate, however,
that a severe storm may cause overtopping and possible failure of the S .
dam, with significant damage and potential loss of life downstream.

We recommend that within twelve months from the date of this report
the owner of the dam engage the services of a qualified registered
engineer to determine further the potential of overtopping the dam and
the need for and the means to increase project discharge capacity.
Based on this determination, appropriate remedial mitigating measures
should be designed and completed within 24 months of this date of
notification. In the interim a detailed emergency operation plan and "..''
warning system should be promptly developed and round-the-clock
surveillance should be provided during periods of heavy precipitation
or high project discharge. I

S. -. . . . . . . . . . . . . . . . .
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NEDED
Honorable Edward J. King

I approve the report and support the findings and recommendations
described in Section 7, with qualifications as noted above. I request
that you keep me informed of the actions taken to implement these
recommendations since this follow-up is an important part of the
program.

Copies of this report have been forwarded to the Department of Environ-
mental Quality Engineering and to the owner, City of Worcester, Water.-
Operations, Worcester, MA. Copies will be available to the public in
thirty days.

I wish to thank you and the Department of Environmental Quality
Engineering for your cooperation in this program.

SSincerely,

WU I4E. HIODGSON,J.
colon, Corps of Engineers
Act i7 Commander and Division Engineer
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NATIONAL DAM INSPECTION PROGRAM
PHASE I - INSPECTION REPORT

BRIEF ASSESSMENT

Identification No.: MA 00960

Name of Dam: Holden Reservoir No. I

City: Holden

County and State: Worcester County, Massachusetts

Stream. Tatnuck Brook

Date of Inspection: December 3, 1980

Holden Reservoir No. 1 Dam, owned and operated by the City of
Worcester for the purpose of water supply, is located in the town of
Holden, Massachusetts. The dam is an embankment structure with a stone-
masonry core wall. The dam is 770 feet long and has a hydraulic height
of 38 feet. The emergency spillway discharges directly into Holden
Reservoir No. 2 and is located on the northeast side of the site.

As a result of the visual inspection and a review of available
data, Holden Reservoir No. 1 Dam is considered to be in fair condition.
Major concerns are: irregularity of the riprap on the upstream face of
the dam; deterioration of the slush grout between the riprap stones;
lack of grass cover and erosion protection on the crest of the dam; ..-

minor softness on the downstream slope; and the inability of the spillway
to pass the test flood discharge.

The dam is classified as intermediate in size and a high hazard
structure in accordance with the recommended guidelines established by .
the Corps of Engineers. The test flood for this dam equals the Probable
Maximum Flood (PMF). Since the dam falls in the intermediate size
range, the PMF was utilized for the hydrologic analysis. The test flood
inflow was estimated to be 8,800 cubic feet per second (cfs) and resulted
in an outflow discharge estimated to be 7,150 cfs, which would overtop
the dam crest by about 1.7 feet. The maximum spillway capacity with the
water level at the dam crest was estimated to be 2,061 cfs, which is
about 30 percent of the test flood discharge. A major breach to the dam -:.-
would increase the stage of Holden Reservoir No. 2 (which is immediately
downstream of Holden Reservoir No. 1) by approximately 133 feet above
the spillway crest of Holden Reservoir No. 2. Such a breach would cause
Dawson Road to be overtopped by approximately 12.4 feet. It is estimated

......
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that approximately 5 houses in the area would be affected. In addition,
excessive damage to the earth embankment of Holden Reservoir No. 2 would
be expected.

It is recommended that the City of Worcester engage a qualified
registered professional engineer to specify and oversee repairs for the
riprap and construction of adequate erosion protection for the crest of..-
the dam. He should also investigate the cause of the softness on the
downstream slope and design and oversee remedial construction, if needed.
The engineer should perform a detailed hydrologic and hydraulic investi- 0
gation to assess the potential of overtopping the dam and the need for
and the means to increase project discharge capacity. The owner should
repair and regrout mortar joints in the spillway training walls and
replace rotted decking on the service bridge. A visual inspection of
the dam should be made once a month and a comprehensive technical
investigation made once a year. A surveillance program should be estab-
lished for use during and after a heavy rainfall, and a downstream
warning program developed.

The recommendations and remedial measures are described in Section
7 and should be addressed by the owner within one year after receipt of
this Phase I Inspection Report.

___ Howard Sheavitzyi
Project Manager

.,". M.P.E. No. 28447
HOWARD \
SHAEViTZ SCHOENFELD ASSOCIATES, INC.
o.2.84

7  )Boston, Massachusetts

.-..) -' i
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This Phase I Inspection Report on Holden Reservoir No.1 Dam (MA-00960)
has been reviewed by the undersigned Review Board members. In out
opinion, the reported findings, conclusions, and recommendation:; aie
consistent with the Recommended Guidelines for Safety Inspection of
Dams, and with good engineering judgement and practice, and is hereby
submitted for approval.

ARAMAST MAHTESIAN, MEMBER
Geotechnical Engineering Branch
Engineering Division

CARNEY M. TERZIAN, MEMBER
Design Branch
Engineering Division

Jos PW. FINEGAN JR., CHAIRMAN
Wa t Control Bran~c
Engineering Division

APPROVAL RECOMENDED:

JOE B. FRYAR
Chief, Engineering Division

. .. .. .. ~ ~ ... " .. - ". v. . . . . . . ..-. . . .. '...... .o,.-'.,.. -. . .



PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of Chief of -

Engineers, Washington, D.C. 20314. The purpose of a Phase I Investigation
is to identify expeditiously those dams which may pose hazards to human
life or property. The assessment of the general condition of the dam is -

based upon available data and visual inspections. Detailed investigation
and analysis involving topographic mapping, subsurface investigations,
testing, and detailed computational evaluations are beyond the scope of
a Phase I Investigation; however, the investigation is intended to
identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions at the
time of inspection along with data available to the inspection team. In
cases where the reservoir was lowered or drained prior to inspection, .-...

such action, while improving the stability and safety of the dam, removes
the normal load on the structure and may obscure certain conditions S
which might otherwise be detectable if inspected under the normal
operating environment of the structure.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions, and
is evolutionary in nature. It would be incorrect to assume that the
present condition of the dam will continue to represent the condition of
the dam at some point in the future. Only through continued care and
inspection can there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established guidelines,
the Spillway Test Flood is based on the estimated "Probable Maximum
Flood" for the region (greatest reasonably possible storm runoff), or
fractions thereof. Because of the magnitude and rarity of such a storm
event, a finding that a spillway will not pass the test flood should not
be interpreted as necessarily posing a highly inadequate condition. The
test flood provides a measure of relative spillway capacity and serves
as an aide in determining the need for more detailed hydrologic and
hydraulic studies, considering the size of the dam, its general condition,
and the downstream damage potential.

The Phase I Investigation does not include an assessment of the
need for fences, gates, no-trespassing signs, repairs to existing fences
and railings, and other items which may be needed to minimize trespassing ,..
and provide greater security for the facility and safety to the public.
An evaluation of the project for compliance with OSHA rules and regulations
is also excluded.

iv
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procedure for Estimating Effect of Surcharge Storage on Maximum Probable
Discharge. The reservoir water surface was assumed to be at elevation
750.8 prior to the flood routing. The project discharge was estimated
to be 7,150 cfs. This analysis indicated that the dam embankment crest S
would be overtopped by approximately 1.7 feet. The maximum spillway
capacity with the water level at the dam crest was estimated to be 2,000
cfs, or about 28 percent of the test flood outflow. The 43-foot long
emergency spillway to Holden Reservoir No. 2 does not have adequate
capacity to handle the test flood discharge.

5.5 Dam Failure Analysis

The impact of dam failure with the reservoir surface at the dam
crest was assessed utilizing the "Rule of Thumb" Guidance for Estimating
Downstream Dam Failure Hydrographs provided by the Corps of Engineers.
The analysis covered a reach extending approximately 1.1 mile downstream
to a point where damage to residences on Dawson Road is indicated.
Based on this analysis, Holden Reservoir No. I Dam was classified as a
high hazard.

Antecedent flow of approximately 1,850 cfs prior to breach is
negligible as compared to a breach outflow of 50,000 cfs. Therefore,
absolute depths of flooding computed along downstream reaches can also -
be referred to as increases in stage due to breach.

A major breach to the dam would increase the stage at Holden Reservoir
No. 2 immediately downstream of Holden Reservoir No. 1 to 13.3 feet
above the spillway crest. The earth embankment at Holden Reservoir No. -
2 would be overtopped by 7.3 feet, probably resulting in excessive S
damage. Further downstream, five inhabited structures on Dawson Road ,. .
wuld be flooded. Two of these structures would be inundated by ten feet - -.

of water. Excessive property damage and loss of more than a few lives
would probably occur.

5-2
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SECTION 5
EVALUATION OF HYDROLOGIC/HYDRAULIC FEATURES

5.1 General

Holden Reservoir No. 1 Dam is an embankment structure with a
stone-masonry core wall. According to design drawings, the dam is 770
feet long and has a maximum structural height of 48 feet. The spillway
has a length of 43 feet. The spillway is located on the northeast side
of the site. The rollway is 200 feet long and 43 feet wide. The side
walls which form the channel are vertical. The crest is sand and gravel
and covered with grass. The upstream slope is riprapp,I. The downstream
slope has a sparse cover of course weeds.

The normal outlet is a 30-inch drain located on the northeast side
of the reservoir and discharges to Holden Reservoir No. 2. The dam
impounds Holden Reservoir No. 1, which forms a portion of the City of
Worcester's water supply system.

5.2 Design Data

No hydrological or hydraulic design data were disclosed.

5.3 Experience Data

Daily readings of the water surface elevations for the period of
operation are maintained by the Supervisor, Water Supply, City of
Worcester. The records indicate that the highest surface elevation was
751.9 and occurred on August 19, 1955.

5.4 Test Flood Analysis

Due to the absence of detailed design and operational information, .
the hydrologic evaluation was performed utilizing field inspection data, "-'
watershed size, and an estimated test flood equal to the Probable
Maximum Flood (PMF). The full PMF test flood was selected because of
the high hazard of the dam and of its intermediate size. The Corps of
Engineers "rolling" guide curve was used to compute inflow with con-
sideration given to orographic, slope, and storage factors within the 6
watershed.

Based on an estimated maximum probable flood peak flow rate of
1,875 cfs per square mile and a drainage area of 4.7 square miles, the • -.

test flood inflow was estimated to be 8,800 cfs. The test flood was
routed through the dam in accordance with the Corps of Engineers O

5-1
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SECTION 4
OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 Operational Procedures

a. General. Holden Reservoir No. 1 Dam impounds Holden Reservoir
No. 1, which is part of the City of Worcester's water supply system.
The reservoir stores water for both the low and high service distribution •
systems. Water for low service is drawn off via the low-level outlet.
The high service system utilizes reservoir water via a 36 inch gravity
line which feeds the Olean Street pump station in Worcester.

b. Description of Any Warning System in Effect. No written
warning system or emergency preparedness system exists for the dam. S

4.2 Maintenance Procedures

a. General. The owner, the City of Worcester, is responsible for
maintenance of the dam. The grass on the downstream toe of the dam is
mowed on a regular basis. The stand of pine trees beyond the downstream S
toe is maintained free of brush. The site is visited daily. There are
no established procedures or manuals.

b. Operating Facilities. No formal maintenance procedures for
the operating facilities were disclosed.

4.3 Evaluation LP

The current operational and maintenance procedures appear adequate
to insure that normal problems can be remedied within a reasonable
period of time. However, the dam and appurtenant structures should be
visually inspected once a month with a comprehensive technical inspection
made once a year. The owner should also establish a surveillance program
for use during and immediately after heavy rainfalls. A downstream
warning program to follow in case of emergency should also be developed.

4-1
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c. Appurtenant Structures. The spillway is 34 feet long and
approximately 5 feet below the top of the dam. The spillway weir and
training walls are in good condition (Photo No. 4). The last half of
the concrete spillway channel floor, however, is in poor condition. It
is severely cracked and heaved with significant spalling (Photo Nos. 5-
7). A 30-inch low-level outlet pipe is laid in masonry in a trench
(Photo No. 8). The locations of the gatehouse is downstream of the
crest of the dam. As a result, the low-level outlet is under pressure
through the dam whenever the water level is above the crown of the outlet.
Piping problems relating to exfiltration from the low-level outlet
material within the embankment may occur at some time.

The exterior of the gatehouse is in good condition. The
interior floor is in poor condition, being severely cracked and of
questionable structural integrity. Gate valves were reported operable
by the owner although their condition is rather poor. .

A concrete arch walkway spans the spillway at the spillway
weir (Photo No. 9). It appears to be in good condition, but some minor
spalling was noted (Photo Nos. 10 and 11).

d. Reservoir. No evidence of significant sedimentation in the .
reservoir was observed. The banks of the reservoir are well-maintainedand are clear of trees and brush.

The area immediately adjacent to the pond is moderately sloped
and well vegetated with brush and trees. The shoreline shows no sign of
sloughing or erosion. A rapid rise in the water level of the pond would
not endanger life or property.

e. Downstream Channel. The downstream channel is a natural
channel of rock and gravel. The area adjacent to it is overgrown with -
brush and trees.

There is a low, stone-masonry training wall on the right side
of the downstream channel immediately downstream of the chute spillway.
This wall is in good condition. Weepholes at the bottom of the wall are .--
open but no water was discharging from them at the time of the inspection.
Both banks of the spillway channel are maintained free of trees and
brush (Photo No. 12).

3.2 Evaluation

Overall the general condition of the Kettle Brook Reservoir No. 3
Dam is judged to be fair. The visual inspection revealed items that APO-
lead to this assessment, such as:

(1) Spalling, cracking, and heaving of spillway channel floor.

(2) Poor condition of interior of gate house.

3-2
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SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General. The visual inspection of Holden Reservoir No. 1 Dam
was conducted on December 3, 1980. The field inspection team consisted
of personnel from Schoenfeld Associates, Inc., D. Baugh Associates, .
Inc., and Geotechnical Engineers, Inc. Inspection checklists, completed
during the field site visit, are included in Appendix A.

The structural condition of the dam and its appurtenant struc-
tures is fair.

•

b. Dam. The top of the dam is sand and gravel and is covered
with grass which has been mowed. However, the grass cover is sparse in
the center of the crest where vehicles have been driven from the right
abutment to the spillway at the left abutment (Photo No. 1).

The upstream slope of the dam is covered with riprap from an0
elevation about 3 feet below the crest to some elevation (which cannot
be determined from the visual inspection alone) below the reservoir
level at the time of the inspection. The riprap has a maximum size of
about 1-1/2 feet and the surface is rather irregular in the range of
unusual water levels (Photo No. 2). Slush grout between the individual
riprap stones on the upper part of the slope (apparently above the
maximum reservoir level) is extensively cracked (Photo No. 3). Below
the apparent maximum reservoir level, there is no slush grout between
the riprap stones.

The downstream slope has a sparse cover of coarse weeds which --

has not been mowed, except along the bottom 10 to 15 feet of the slope
which appears to have been mowed with a horse-drawn mower (Photo No. 4).
Although no evidence of active seepage from the downstream slope was
observed, some of the lower part of the slope was slightly soft and
appeared to be indented with hoof-marks made by horses. The soft area
is located from 300 feet to 350 feet from the left abutment and starts -.

at the downstream toe of the slope and goes up the slope for approximately
15 feet.

A zone about 20 feet wide at the downstream toe is covered
with grass which has been mowed and downstream of that zone there is a
stand of pine trees which is maintained free of underbrush and can be
inspected thoroughly (Photo No. 4). There is no sign of seepage in this
area.

Both abutments of the dam appear to consist of soil at the
ground surface (Photo No. 5). No evidence of seepage from the abutments
was observed.

3-1
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SECTION 2
ENGINEERING DATA

2.1 Design

A design drawing dated January 19, 1892 for Holden Reservoir No. 1
Dam was prepared by the Worcester County Engineering Department. No
other information was available. 0

2.2 Construction

No construction records were available for use in evaluating the
dam. The original dam was constructed in 1883 by some local manufacturers -

and was later incorporated as part of the present dam. This dam wasP.
constructed in 1911 by Worcester County for the City of Worcester.

2.3 Operation

No engineering operation data were available.

2.4 Evaluation

a. Availability. The engineering data used in the preparation of
this report are presented in Appendix B.

b. Adequacy. Available engineering data and design drawings are p
considered adequate for a Phase I investigation.

c. Validity. The field investigation indicated that the external
features of the present Holden Reservoir No. 1 Dam have not changed -

substantially from the design drawing of 1892.

2-1
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h. Diversion and Regulating Tunnel - N/A

i. Spillway

(1) Type - broad-crested

(2) Length of weir - 43 feet

(3) Crest elevation - 750.8 0

(4) Gates - none

(5) U/S channel - concrete channel approximately 15 feet long
leading to weir crest

(6) D/S channel - 260-foot long rollway; concrete channel with lop
stone-masonry walls

(7) General - discharges directly into upper end of Holden Reservoir
No. 2

j. Regulating Outlet

(1) Invert- 722.3 -,

(2) Size- 30 inches

(3) Description - see below p

(4) Control mechanism - gate valve located in control tower adjacent
to spillway

(5) Other - none

1
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(4) Test flood pool - 6,700

(5) Top of dam - 6,600
0

e. Storage (gross acre-feet)

(1) Normal pool - 2,250

(2) Flood control pool - N/A

(3) Spillway crest pool 2,100 $

(4) Test flood pool - 3,000

(5) Top of dam - 2,800

f. Reservoir Surface (acres)

(I) Normal pool - 132

(2) Flood control pool - N/A

(3) Spillway crest pool o 126 .

(4) Test flood pool - 158

(5) Top of dam 148

g. Dam

(1) Type - embankment structure with stone-masonry core wall

(2) Length - 770 feet

(3) Hydraulic height - 38 feet

(4) Top width - 25 feet

(5) Side slopes - 2:1 H:V on both faces

(6) Zoning - original dam and puddled earth on upstream face of p
core wall; rolled earth layers on downstream face

(7) Impervious core - stone-masonry

(8) Cutoff - unknown

(9) Grout curtain- unknown

(10) Other- none

1-5
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(3) The spillway capacity with the water surface at the top of the
dam is approximately 2,000 cfs at elevation 755.8.

(4) The spillway capacity with the water surface elevation at the
test flood elevation of 757.5 is approximately 2,950 cfs.
There are no provisions for flashboards.

(5) The spillway capacity at normal pool elevation (752.0) is 500
cfs. There are no provisions for flashboards.

(6) The spillway capacity at the test flood elevation (757.5) is
2,950 cfs.

(7) The total spillway capacity at the test flood elevation (757.5)
is 2,950 cfs. There are no provisions for flashboards.

e

(8) The total project discharge at the top of the dam (755.8) is
2,000 cfs. There are no provisions for flashboards.

(9) The total project discharge at the test flood elevation of
757.5 is approximately 7,150 cfs.

c. Elevation (feet NGVD)

(1) Streambed at centerline of dam 720 (estimated)

(2) Bottom of cutoff - 707 (estimated)

(3) Maximum tailwater 720.1 (August 19, 1955)

(4) Normal pool - 752.0 (from U.S.G.S. quadrangle sheet)

(5) Full flood control pool - N/A

(6) Emergency spillway crest - 750.8

(7) Design surcharge - unknown

(8) Test flood surcharge - 757.5

(9) Top of dam - 755.8 S

d. Reservoir (length in feet)

(1) Normal pool - 6,500

(2) Flood control pool - N/A

(3) Spillway crest pool - 6,400

1-4
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g. Purpose of Dam. The dam impounds water in Holden Reservoir
No. 1, which is part of the City of Worcester's water supply system.

h. Design and Construction History. The original dam at this
site was constructed in 1883 by some local manufacturers. This dam was
a stone-masonry structure with a puddled earth blanket on the upstream
slope and a stone-masonry cutoff wall into the foundation close to the
upstream toe of the puddled earth.

In 1911, the dam was raised as an embankment structure which
incorporated the original stone-masonry dam as the upstream section of-
the upstream slope of the new dam. This new dam had a stone-masonry
core with puddled earth on the upstream side and layers of rolled earth
on the downstream side. The dam was constructed by Worcester County for
the City of Worcester. -

i. Normal Operation Procedures. Holden Reservoir No. I stores
water for both the low and high service distribution systems serving the
City of Worcester, Massachusetts. Water for low service is drawn off
via the low-level outlet. The high service system utilizes reservoir
water via a 36 inch gravity line which feeds the Olean Street pump
station in Worcester.

1.3 Pertinent Data

a. Drainage Area. The area tributary to the Holden Reservoir No.
1 Dam consists of 3,000 acres (4.7 square miles) of rolling terrain.
There is no development in the watershed which attains a maximum elevation
of about 1,395 feet. Reservoir full elevation is at 755.8 feet.

The area around the reservoir is mostly wooded. There are no
cottages or dwellings along the shoreline.

b. Discharge at Dam Site

(1) Outlet works for Holden Reservoir No. I Dam consist of a 30-
inch outlet pipe and a 43-foot long emergency spillway. The
260-foot long rollway is 43 feet wide and discharges to Tatnuck
Brook. The invert of the outlet is at 722.3 feet. Maximum
discharge of the pipe (137 cfs at elevation 755.8) is considered
negligible when a comparison is made with the other flows
evaluated. The emergency spillway has a crest at elevation
750.8. When the water surface is at the top of dam (elevation
755.8), the emergency spillway will have a capacity of 2,000
cfs.

(2) Daily records of maximum discharge have been maintained at the
site. The maximum recorded elevation was 751.9 on August 19,
1955. It is believed that the dam has never been overtopped.

1-3
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b. Description of Dam and Appurtenances. Holden Reservoir No. 1
Dam is an embankment structure with a stone-masonry core wall that is 4
feet wide at the top, which is approximately 2 feet below the crest, and
7 feet wide at the bottom, where it appears to be keyed 10 feet into the
foundation. The dam is approximately 770 feet long with a maximum
structural height of 48 feet. The crest of the dam is 25 feet wide and
consists of sand and gravel covered with grass. The upstream slope of
the dam is covered with riprap which extends from 3 feet below the crest
to beneath the reservoir level. The riprap has a maximum size of about
1-1/2 feet and the surface is irregular in the range of usual water
levels. The downstream slope has a sparse grass cover. Both faces of
the dam slope at 2H:lV.

According to the plans, the present dam incorporates the
original stone-masonry dam constructed in 1883 as the upstream section
of the upstream slope. The material between the old dam and the new

"' core wall is puddled earth. The embankment downstream of the new core
* :. wall consists of six layers of rolled earth.

Appurtenant structures include a 43-foot long emergency spillway
and a 260-foot long rollway. The rollway is lined with concrete and has
masonry training walls. The gatehouse for the 30-inch low-level outlet
is a concrete structure with a masonry foundation. A service bridge
provides access to the gatehouse from the dam embankment. The bridge,
of steel construction supported by an intermediate concrete pier has a
wooden deck. There is a 30-inch pipe under the dam which acts as the
low-level outlet.

c. Size Classification. The dam is considered to be intermediate
in size because the hydraulic height is 38 feet and the storage is 2,800
acre-feet. This is in accordance with the Recommended Guidelines for

• " Safety Inspections for Dams, which defines an intermediate dam as having
a storage capacity of 1,000 to 50,000 acre-feet.

- d. Hazard Classification. The potential for hazard posed by this
dam is classified as high. This is in accordance with the Recommended
Guidelines for Safety Inspection for Dams, which defines a high hazard
structure as one which poses a threat to more than a few lives. The
earth embankment at Holden Reservoir No. 2 would be overtopped by 7.3
feet, probably resulting in excessive damage. Further downstream, five
inhabited structures on Dawson Road would be flooded. Two of these
structures would be inundated by ten feet of water. Excessive property
damage and loss of more than a few lives would probably occur.

e. Ownership. The dam is owned by the City of Worcester.

f. Operator. The operation, maintenance, and safety of the dam
is the responsibility of the City of Worcester, Water Operations. The
Supervisor of Water Supply is Mr. Kenneth Starbard. His address is South
Road, Holden, Massachusetts 01520. His telephone number is (617) 829-
4811.

r-
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NATIONAL DAM INSPECTION PROGRAM
PHASE I - INSPECTION REPORT

HOLDEN RESERVOIR NO.-

SECTION 1
PROJECT INFORMATION

1.1 General

a. Authority. Public Law 92-367, August 8, 1972, authorized the
Secretary of the Army, through the Corps of Engineers, to initiate a
National Program of Dam Inspection throughout the United States. The
New England Division of the Corps of Engineers has been assigned the
responsibility of supervising the inspection of dams within the New 0
England Region. Schoenfeld Associates, Inc. has been retained by the
New England Division to inspect and report on selected dams in the
Commonwealth of Massachusetts. Authorization and notice to proceed were
issued to Schoenfeld Associates, Inc. under a letter of October 30, 1980
from Colonel William E. Hodgson, Jr., Deputy Division Engineer. Contract

r" No. DACW33-81-C-OOlO has been assigned by the Corps of Engineers for
this work.

b. Purpose

(1) To perform technical inspection and evaluation of nonfederal
dams to identify conditions which threaten the public safety
and thus permit correction in a timely manner by nonfederal
interests.

(2) To encourage and prepare the states to initiate quickly effective
dam safety programs for nonfederal dams.

(3) To update, verify, and complete the National Inventory of

Dams.

1.2 Description of Project

a. Location. Holden Reservoir No. 1 Dam is located in the southern
portion of the town of Holden, Massachusetts on Tatnuck Brook, approxi-
mately 0.8 miles upstream of Holden Reservoir No. 2 Dam. The dam dis-
charges directly into the upper end of Holden Reservoir No. 2. The dam
is shown on the U.S.G.S. quadrangle sheet of W8 rcester North, Mgssa-
chusetts. Its approximate coordinates are N42 -18'-24" and W71 -52'-

- 74". The location of the dam is shown on the preceeding page.
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SECTION 6
EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observations

The general structural stability of the dam is good as evidenced by
its alignment and structural condition. The dam, spillway, gatehouse,

aL and service bridge are all in fair condition. The following conditions
observed during the visual inspection, however, are indicative of problems
that could result in long-term structural instability.

(1) Some irregularity of the riprap on the upstream face of the
dam and some cracking and deterioration of the slush grout
between the riprap stones in the upper part of the riprap is
evidence of deterioration of the riprap, which should be
controlled so as to prevent erosion of the embankment fill.

(2) The lack of grass cover in the wheel tracks on the crest of
the dam increases the susceptibility of the crest to erosion

r in case the dam should be overtopped.

(3) Minor softness on some of the lower parts of the downstream
slope may be indicative of a seepage problem which could
become worse and might possibly lead to a piping problem.

In general, the dam, abutments, and downstream toe areas appear to j
be well-maintained.

6.2 Design and Construction Data

The original dam at this site was constructed in 1883 by local
manufacturers. This dam was a stone-masonry structure with a puddled
earth blanket on the upstream slope and a stone-masonry cutoff wall into
the foundation close to the upstream toe of the puddled earth.

According to a design drawing of January 19, 1892, the dam was
later raised as an embankment structure which incorporated the original
stone-masonry dam as the upstream section of the upstream slope of the
new dam. The new dam had a stone-masonry core with puddled earth on the
upstream side and layers of rolled earth on the downstream side. The
dam was constructed in 1911 by Worcester County for the City of Worcester.

6.3 Post-Construction Changes

A drawing dated January 19, 1892 and traced February 27, 1936
indicates that the original dam at this site was a stone-masonry dam
with a puddled earth blanket, constructed in 1883, on the upstream slope
of the stone-masonry structure, and with a stone-masonry cutoff wall
into the foundation close to the upstream toe of the puddled earth.

6-1

I
1&

-- ++:+ ;'4k k: Immlilml~i~~ilM'lllM dm l ll - .' . .. . ...



4S

This drawing also shows that the dam was later raised as an embankment "
dam which incorporated the old stone-masonry dam as the upstream section
of the upstream slope of the new dam. The drawing indicates that the
new dam has a stone-masonry core wall, 4 feet wide at the top (which is
about 2 feet below the crest) and 7 feet wide at the bottom where it
appears to be keyed 10 feet into the foundation. There is no information -" -

on the drawing concerning the nature of the foundation material. The
material between the new core wall and the old dam, on the upstream side
of the new core wall, is designated "puddled earth." The embankment
downstream of the new core wall is designated "rolled earth - 6" layers." -
No other information is available.

6.4 Seismic Stability

This dam is in the boundary region between Seismic Zones 2 and, in --

accordance with the Phase I guidelines, does not warrant seismic analysis.

p.

'0
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SECTION 7
ASSESSMENT, RECOMMENDATIONS, AND REMEDIAL MEASURES . -

7.1 Dam Assessment

a. Condition. After consideration of the available information,
the results of the inspection, and contact with the owner, the structural

- condition of Holden Reservoir No. 1 Dam is judged to be in fair condition.
The following conditions may lead to long-term problems.

(1) Some irregularity of the riprap on the upstream face of the
dam and some cracking and deterioration of the slush grout
between the riprap stones in the upper part of the riprap is
evidence of deterioration of the riprap, which should be
controlled so as to prevent erosion of the embankment fill.

(2) The lack of grass cover in the wheel tracks on the crest of
the dam increases the susceptibility of the crest to erosion
in case the dam should be overtopped.

(3) Minor softness on some of the lower parts of the downstream
slope may be indicative of a seepage problem which could
become worse and might possibly lead to a piping problem.

(4) The spillway is adequate to carry only 28 percent of test
flood discharge.

b. Adequacy of Information. The information obtained from one
*. design drawing and the results of the visual inspection are adequate for

the purposes of this Phase I study.

c. Urgency. The owner should implement the recommendations in
7.2 and 7.3 within one year after receipt of this Phase I report. -- 7

7.2 Recommendations

* The following investigations should be carried out and needed
corrections performed under the direction of a registered professional

- engineer qualified in the design and construction of dams:

(1) Specify and oversee repairs for the riprap on the upstream
slope.

(2) Specify and oversee construction of adequate erosion protection
for the crest of the dam.

7-1



(3) Investigate the cause of softness on some of the lower parts
of the downstream slope, design remedial construction if
needed, and oversee remedial construction.

(4) Perform a detailed hydrologic and hydraulic investigation to
assess for the potential of overtopping the dam and the need
for and the means to increase project discharge capacity.

7.3 Remedial Measures

a. Operating and Maintenance Procedures. The owner should:

(1) Repair and regrout mortar joints in the spillway training
walls.

(2) Replace rotted decking on the service bridge.

(3) Visually inspect the dam and appurtenant structures once a
month.

(4) Engage a registered professional engineer qualified in the
r design and construction of dams to make a comprehensive technical

inspection of the dam once every year.

(5) Establish a surveillance program for use during and immediately - -
after heavy rainfall and also a downstream warning program to
follow in case of emergency.

1' 7.4 Alternatives -

There are no practical alternatives to the recommendations and
remedial measures described in Section 7.3.

*
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VISUAL INSPECTION CHECKLIST
PARTY ORGANIZATION

PROJECT Holden Res. No. 1 Dam, MA DATE Dec. 3, 1980

TIME 12:00

WEATHER Sunny, Cold, Windy

W.S. ELEV. 746.9 UPSTREAM
_______DOWNSTREAM

PARTY:

1. Peter Palmieri, SAI 6. ____________

2. Michael Haire, DBA 7.___ ___________

3. Ronald Hirschfeld, GEl 8. _____________

4. ________________ 9. ____________

5. __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10. _ _ _ _ _ _ _ _ _ _ _ _ _

PROJECT FEATURE INSPECTED BY REMARKS

1. Hydrology/Hydraulics Peter Palmieri

2. Structural Stability Michael Haire

3. Soils and Geology Ronald Hirschfeld

4.

5.

6.

7.

8.

9.

10.

A- 1



PERIODIC INSPECTION CHECKLIST

PROJECT Holden Res. No. 1 Dam, MA DATE Dec. 3. 1980

PROJECT FEATURE Dam Embankment NAME _

DISCIPLINE NAME •

AREA EVALUATED CONDITION

DAM EMBANKMENT

Crest Elevation 755.8

Current Pool Elevation 746.9

Maximum Impoundment to Date 751.9 (August 19, 1955)

Surface Cracks None observed

Pavement Condition Not paved

Movement or Settlement of Crest None observed

Lateral Movement None observed

Vertical Alignment Good

Horizontal Alignment Good

Condition at Abutment and at Good
Concrete Structures

Indications of Movement of None observed
Structural Items on Slopes

Trespassing on Slopes No evidence of trespassing observed

Sloughing or Erosion of Slopes None observed
or Abutments

Riprap on upstream slope is some-
Rock Slope Protection - Riprap what irregular, slush grout is

Failures cracked between most riprap stones

Unusual Movement or Cracking at None observed
or Near Toe

Unusual Embankment or Downstream None observed
Seepage

Piping or Boils None observed

Foundation Drainage Features None observed

Toe Drains None observed

Instrumentation System None observed

Vegetation Grass (mowed) on crest; grass &
weeds (Unmowed) on downstream slope
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PERIODIC INSPECTION CHECKLIST

PROJECT Holden Res. No. 1 Dam, MA DATE Dec. 3, 1980

PROJECT FEATURE Dike Embankment NAME _ __ _._

DISCIPLINE NAME _____.__,

AREA EVALUATED CONDITION

DIKE EMBANKMENT No dike

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Date
S

Surface Cracks

Pavement Condition

Movement or Settlement of Crest

Lateral Movement

Vertical Alignment

Horizontal Alignment

Condition at Abutment and at
Concrete Structures

Indications of Movement of
Structural Items on Slopes

Trespassing on Slopes

Sloughing or Erosion of Slopes
or Abutments

Rock Slope Protection - Riprap
Failures

Unusual Movement or Cracking at
or Near Toe

Unusual Embankment or Downstream
Seepage

Piping or Boils

Foundation Drainage Features

Toe Drains --

Instrumentation System

Vegetation

A-3
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PERIODIC INSPECTION CHECKLIST

PROJECT Holden Res. No. 1 Dam, MA DATE Dec. 3, 1980

PROJECT FEATURE Intake Channel NAME "•'"'__"_

DISCIPLINE NAME _

AREA EVALUATED CONDITION

OUTLET WORKS - INTAKE CHANNEL

AND INTAKE STRUCTURE

a. Approach Channel

Slope Conditions Good

Bottom Conditions Not visible beneath reservoir pool

Rock Slides or Falls None

Log Boom None

Debris ,one

Condition of Concrete Lining Not applicable

Drains or Weep Holes Not applicable

b. Intake Structure

Condition of Concrete Good

Stop Logs and Slots None

A-4 -
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PERIODIC INSPECTION CHECKLIST

PROJECT Holden Res. No. 1 Dam, MA DATE Dec. 3, 1980

PROJECT FEATURE Control Tower NAME ____-____

DISCIPLINE NAME _

AREA EVALUATED CONDITION

OUTLET WORKS - CONTROL TOWER - -O

a. Concrete and Structural Masonry Construction

General Condition Good

Condition of Joints Good

Spalling None

Visible Reinforcing Not applicable

Rusting or Staining of Concrete Not applicable

Any Seepage or Efflorescence Not applicable

Joint Alignment Good

Unusual Seepage or Leaks in None
Gate Chamber

Cracks

Rusting or Corrosion of Steel

b. Mechanical and Electrical Not applicable

Air Vents

Float Wells

Crane Hoist

Elevator

Hydraulic System

Service Gates
9

Emergency Gates

Lightning Protection System

Emergency Power System

Wiring and Lighting System
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PERIODIC INSPECTION CHECKLIST

PROJECT Holden Res. No. 1 Dam, MA DATE Dec. 3, 1980

PROJECT FEATURE Transition & Conduit NAME___________

DISCIPLINE _______________ NAME ___________

AREA EVALUATED CONDITION

OUTLET WORKS -TRANSITION Not applicable

AND CONDUIT

General Condition of Concrete

Rust or Staining on Concrete

Spalling

Erosion or Cavitation

Cracking

Alignment of Monoliths

Alignment of Joints

Numbering of Monoliths

A-6
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PERIODIC INSPECTION CHECKLIST p

PROJECT Holden Res. No. 1 Dam, MA DATE Dec. 3, 1980

PROJECT FEATURE Outlet Structure NAME _________

DISCIPLINE NAME ___.___---,

AREA EVALUATED CONDITION

OUTLET WORKS - OUTLET STRUCTURE

AND OUTLET CHANNEL Block Masonry

General Condition of Concrete Good

Rust or Staining on Concrete None

Spalling None on concrete; some masonry ontraining walls needs to be regrouted
Erosion or Cavitation None

Visible Reinforcing None

Any Seepage or Efflorescence None

Condition at Joints Good

Drain Holes Not applicable

Channel

Loose Rock or Trees Overhanging None observed
Channel

Condition of Discharge Channel Good

A-,7
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PERIODIC INSPECTION CHECKLIST

I

PROJECT Holden Res. No. I Dam, MA DATE Dec. 3. 1980

PROJECT FEATURE Spillway Weir NAME "._:__

DISCIPLINE NAME _

AREA EVALUATED CONDITION

OUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS

a. Approach Channel

General Condition Good

Loose Rock Overhanging None observed
Channel

Trees Overhanging Channel None observed

Floor of Approach Channel Boulders

b. Weir and Training Walls

General Condition of Concrete Good

Rust or Staining None

Spalling None

Any Visible Reinforcing None

Any Seepage or Efflorescence None

Drain Holes Appear to be open, no discharge .

c. Discharge Channel

General Condition Good

Loose Rock Overhanging Channel None observed

Trees Overhanging Channel None observed

Floor of Channel Slush concrete

Other Obstructions None observed

Other Comments

A-8
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PERIODIC INSPECTION CHECKLIST

PROJECT Holden Res. No. 1 Dam, MA DATE Dec. 3, 1980

PROJECT FEATURE Service Bridge NAME _ _ __ _
'

DISCIPLINE NAME _ _._.__

AREA EVALUATED CONDITION

OUTLET WORKS - SERVICE BRIDGE

a. Super Structure Good

Bearings Good

Anchor Bolts Good

Bridge Seat Good

Longitudinal Members Good

Underside of Deck Good

Secondary Bracing Good

Deck Fair; wood planking has rotted

Drainage System Not applicable

Railings Good

Expansion Joints None

Paint Good

b. Abutment & Piers Not applicable

General Condition of Concrete

Alignment of Abutment

Approach to Bridge

Condition of Seat & Backwall
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Photo No. II - Rollway looking upstream.

Photo No. 12 -Rolway looking downstream into
Holden Reservoir No. 2.

C-6



Photo No. 9 - Rollway steps; looking upstream.

"S

Photo No. 10 - Upper end of roliway at
base of steps. 5
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Photo No. 7 -View upstream from crest of spillway weir.

Photo No. 8 -Gatehouse as viewed from left
abutment of spillway.
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PhotoPot No. 5 Enrac t sple wa abtet o dm
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Photo No. 3 -Detail of cracked slush grouting.

Photo No. 4 -Downstream toe area.
lp.
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Photo No. 1I Crest of dam viewed from right abutment.
Mowed grass on crest but relatively bare
of vegetation in wheel tracks.

Photo No. 2 -Detail of riprap on upstream slope. Riprap is slush-
grouted down to approximately normal water level.
Grout is cracked around most riprap stones. Apparent
wave-cut terrace just above present water level. Riprap
shows signs of irregular subsidence or sloughing.

C-1
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Available Engineering Data

I S

The plan of the reservoir and dam was obtained from the City of
Worcester, Water Operations, 16 East Worcester Street, Worcester,
Massachusetts 01604. The drawing is dated January 19, 1892 and traced
February 27, 1936.
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APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS
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INFORMATION AS CONTAINED IN THE NATIONAL INVENTORY OF DAMS
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